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INTRODUCTION 

In  t h e  e a r l y  1970's, a s  a response  t o  t h e  world o i l  c r i s i s ,  two water-based 
t echno log ie s  f o r  t h e  thermal  l i q u e f a c t i o n  of woody biomass were s t u d i e d  e x t e n s i v e l y .  
The f i r s t  o f  t h e s e ,  based on Bergstom's e a r l i e r  work (11, employed sodium carbonate  
as a s o l u b l e  c a t a l y s t ,  and carbon monoxide as  a reducing  g a s  (2,3). The second 
technology,  a l s o  based on e a r l i e r  work, used n i c k e l  meta l  c a t a l y s t s  and hydrogen ( 4 ) .  
In  a l l  c a s e s  t h e  s u b s t r a t e  was powdered wood s l u r r i e d  i n  water ,  and, i n  those  s t u d i e s  
us ing  n i cke l  meta l  as c a t a l y s t ,  i t  was no t  c l e a r  what r o l e  the  c a t a l y s t  p layed .  I n  
p a r t i c u l a r  i t  was r e a l i s e d  t h a t  t he  wood must y i e l d  gases  or  l i q u i d  be fo re  t h e  
c a t a l y s t  could  i n t e r v e n e .  I f  l i q u i d s  were formed, t hen  t h e  r o l e  of t h e  
ca t a lys t /hydroqen  sys tem would be s t a b i l i s a t i o n ,  s i n c e  under moderate hea t ing  r a t e s ,  
biomass a lone  i n  water  does  no t  y i e l d  s i g n i f i c a n t  q u a n t i t i e s  of o i l .  The 
s t a b i l i s a t i o n  cou ld  a l s o  involve  upgrading, i f  such  t h i n g s  a s  oxygen con ten t  and 
v i s c o s i t y  were a l s o  dec reased .  

In subsequent  exper iments  ( 5 )  we semi-cont inuous ly  f e d  s l u r r i e s  of powdered wood 
a long  wi th  n i c k e l  ca rbona te  and hydrogen t o  a r e a c t o r .  The feed ,  on e n t e r i n g  the  
r e a c t o r ,  was hea ted  s u f f i c i e n t l y  r a p i d l y  t h a t  t h e  nickel ca rbona te  decomposed t o  
n i c k e l  ox ide  i n s t e a d  of reducing  t o  n i c k e l  meta l .  I n  a d d i t i o n ,  when product  was 
d i scha rged  from t h e  r e a c t o r ,  both char and o i l - - t h e  l a t t e r  i n  25 per  c e n t  yield--were 
p re sen t .  We reasoned  t h a t  t h e  o i l  y i e l d  was i n i t i a l l y  h igher ,  bu t  t h a t ,  because of 
t h e  unavoidable,  p ro longed  r e s idence  t ime up i n  t h e  r e a c t o r ,  and t h e  absence  of t h e  
s t a b i l i s i n g  sys tem (no n i c k e l  me ta l ) ,  some of t he  o i l  had cha r red .  

As a t e s t  of t h i s  theory ,  powdered wood was hea ted  r a p i d l y ,  t o g e t h e r  wi th  only  
water ,  i n  small r e a c t o r s  t o  350OC, and then  quenched (6). O i l  y i e l d s  ( ace tone -  
s o l u b l e )  i n  up t o  50 per  c e n t  by weight were ob ta ined .  

U n t i l  t h i s  time, a l l  s t u d i e s  i n  both t echno log ie s  had been conf ined  t o  powdered 
wood or sawdust,  t h e  g e n e r a l  op in ion  be ing  t h a t  h e a t  and mass t r a n s f e r  l i m i t a t i o n s  in  
l a r g e r  wood p i e c e s  would prevent  l i q u e f a c t i o n .  However, we s t u d i e d  t h e  l i q u e f a c t i o n  
of s i n g l e  poplar  c h i p s  ( 6 . 5  mm square  c r o s s  s e c t i o n )  i n  t h e  same small r e a c t o r s ,  and 
showed t h e y  were comple t e ly  l i q u e f i e d  a t  3000C and above (7). Steam en te red  the  
ch ips ,  s w e l l i n g  them and d i s r u p t i n g  t h e  ma t r ix .  The o i l  which was formed appeared t o  
be s t a b i l i s e d  by t h e  presence  of l i q u i d  water .  
obvious ly  de layed  r e l a t i v e  t o  powdered wood, and some poplar  c l o n e s  y i e lded  up t o  6 
per  c e n t  phenol from t n e  c h i p s ,  bu t  no t  from the  powdered form. Scanning e l e c t r o n  
microscopy showed l i q u e f a c t i o n  a t  t h e  c e l l u l a r  l e v e l  ( 8 , 9 ) .  On t h e  s u r f a c e  t h e  
middle l ame l l a  merged wi th  t h e  c e l l  wa l l s  and t h e  ma t r ix  then  flowed and engul fed  the  
cel ls .  I n s i d e  t h e  ch ips ,  s p h e r i c a l  s t r u c t u r e s  appeared ,  p a r t i c u l a r l y  on t h e  wa l l s  of 
vacuo les .  These s t r u c t u r e s  e v e n t u a l l y  f i l l e d  i r r e g u l a r  c a v i t i e s  which formed i n  t he  
m a t r i x .  Gas o r  vapour bubbles  could  a l s o  be seen  i n  t h e  f lowing  m a t r i x .  

The chemical conve r s ions  were 

On t h e  b a s i s  of  t h e s e  r e s u l t s  i t  was dec ided  t h a t  a l a b o r a t o r y  u n i t  should  be 
c o n s t r u c t e d  f o r  t h e  purpose of s tudy ing  commerc ia l - s ize  (and  l a r g e r )  c h i p s .  The 
o v e r a l l  u n i t  i s  shown s c h e m a t i c a l l y  in F igu re  1. 
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The Reactor 

The r e a c t o r  (F igu res  2 and 3 )  was des igned  by THP Inc .  acco rd ing  t o  ASHE Code, 
Sec t ion  VII I ,  Div. I . ,  1984 addenda. The r a t i n g  was s e t  a t  2 4 . 1  MPa (3500 p s i )  a t  
350OC which allowed fo r  7.6 HPa (1100 p s i )  g a s  ove rp res su re  above t h e  vapour p r e s s u r e  
of water 16 .5  HPa (2400 p s i )  a t  t h a t  t empera ture .  A s i n g l e  ingot  of TP 316 s t a i n l e s s  
s t e e l  was used f o r  machining t h e  r e a c t o r  which has  an  i n t e r n a l  d iameter  of 1 . 5  inches  
(3.8 cm) and a n  e x t e r n a l  d iameter  of 3.0 inches  (7 .6  cm). The l eng th  is 1 9  i nches  
(48 cm) and t h e  i n t e r n a l  d iameter  is 600 mL which a l lows  f o r  a feed  of 100 g of d r y  
wood ch ips .  A t  t he  top  end a n  Oteco hub (F igu re  2 )  is threaded  and s e a l  welded t o  
t h e  r e a c t o r  body. A 1 inch  Autoclave Engineer ing  (AE) s l i m - l i n e  connec tor  is 
threaded  t o  the  base of t he  r e a c t o r .  A t o t a l  of 9 ho les  a r e  d r i l l e d  i n  the  r e a c t o r  
body t o  t a k e  l / 4  AB inch-s l im connectors .  The t h r e e  on t h e  l e f t  s i d e  of t h e  r e a c t o r  
a r e  f o r  s team i n l e t  l i n e s .  On t h e  f r o n t  face the  top  hole  is f o r  a r u p t u r e  d i s c  
(20.67 MPa, 3000 p s i ) .  The middle hole  is f o r  a 1 / 8  inch thermocouple,  and t h e  
bottom hole  is fo r  a vent  l i n e .  On the  r i g h t  hand s i d e ,  t h e  upper and lower ho le s  
a r e  f o r  1 /8  inch  thermocouples,  and t h e  middle ho le  is fo r  a p re s su re  gauge. 

The r e a c t o r  is clamped near  i t s  base by a s p l i t  r i n g  which is s p o t  welded t o  a 
The s p l i t  r i n g  a l s o  suppor t s  a s t e e l  p l a t e  on b racke t  bo l t ed  t o  t h e  r e a c t o r  frame. 

which i n s u l a t i o n ,  i n  the  form of ceramic  b r i c k ,  ( n o t  shown i n  F i g u r e s )  is s t acked  t o  
t h e  neck of t he  r e a c t o r .  The br ick  is c u t  and f i t t e d  t o  t h e  e x t e r n a l  con tour s  of t h e  
r e a c t o r .  A r ec t angu la r  s t e e l  ca se  is f i t t e d  o u t s i d e  the  b r i c k .  

Heating i s  supp l i ed  t o  t h e  r e a c t o r  by two, 6 f e e t  long (1.8 inch  O . D . )  h e a t e r s  
j o ined  i n  p a r a l l e l .  These a r e  c o i l e d  around the  r e a c t o r  as shown i n  F igu res  2 and 3, 
and he ld  c l o s e  t o  t h e  r e a c t o r  by fou r  l o n g i t u d i n a l  s t e e l  s t r i p s  and e i g h t  c i r c l i p s .  
The maximum power drawn by t h e  h e a t e r s  is 4 k w .  
t empera ture  c o n t r o l l e r  and wi th  a l l  t h e  l agg ing  i n  the  p lace ,  t h e  r e a c t o r  can  be 
brought t o  3650C i n  70 minutes .  

I n l e t  Valve and Feed Basket 

The c o i l s  a r e  ope ra t ed  through a 

The i n l e t  va lve  and i ts  r e l a t i o n s h i p  t o  the r e a c t o r  can  be seen  i n  F igu re  3. 
The va lve  (Hogas I n d u s t r i e s  I n c . )  is a 1 . 5  inch  ( 3 . 8  cm) b a l l  va lve  (ANSI 2500 
s e r i e s )  r a t e d  a t  24.8 MPa (3600 p s i )  a t  3700C. I t  is jo ined  t o  t h e  r e a c t o r  by a 
matching Oteco hub and suppor ted  on the  frame by two b racke t s .  The c o n t r o l l e r  is a i r  
ope ra t ed  v i a  so l eno id  va lves .  
is i n s u l a t e d  by t h r e e  l a y e r s  of 1 . 5  inch  t h i c k  g l a s s  wool, t hus  p reven t ing  e x c e s s i v e  
hea t  l o s s e s .  
p u l l e y  sys tem t o  f a c i l i t a t e  removal from the  r e a c t o r  when t h i s  is necessary .  

F a i l u r e  of a i r  p re s su re  c l o s e s  t h e  va lve .  The va lve  

The va lve  and c o n t r o l l e r  t oge the r  weigh 68 Kg and a r e  a t t a c h e d  t o  a 

The c y l i n d r i c a l  feed  baske t  i s  made of s t a i n l e s s  s teel  mesh and is s p o t  welded. 
The baske t ,  bes ides  f a c i l i t a t i n g  feed  a d d i t i o n ,  p reven t s  c o n t a c t  of c h i p s  wi th  t h e  
r e a c t o r  w a l l s  and a l lows  r ecove ry  of unconverted wood. 

O u t l e t  Valve 

Another 1 . 5  inch  b a l l  va lve  was o r i g i n a l l y  planned f o r  t h e  r e a c t o r  o u t l e t .  
However, because of i n i t i a l  c o s t  cons ide ra t ions ,  t h i s  was r ep laced  wi th  a Crosby 0 .5  
inch  b a l l  valve (ANSI 1500) r a t e d  a t  18.4 MPa (2665 p s i )  a t  3700'2. Spec ia l  hubs were 
made by THP fo r  connec t ion  t o  the  r e a c t o r  and t h e  coo l ing  lock .  Cons iderable  l e a k s  
were encountered wi th  t h i s  system, probably because of misalignment of t h e  hubs w i t h  
t h e  r e a c t o r  body. Therefore ,  t he  system was rep laced  wi th  a 0.5 inch  AE s e a t  and 
cone ( p o r t )  va lve  r a t e d  17000 p s i  a t  3500'2. The products  t hus  had t o  n e g o t i a t e  two 
r i g h t  angle  t u r n s  be fo re  e n t e r i n g  the  product  c o o l e r .  However, t h i s  was no t  
cons idered  a problem, because on ly  water ,  o i l  and f i n e l y  d iv ided  m a t e r i a l  would be 
e x i t i n g  the  r e a c t o r .  The Crosby va lve  may be r e t e s t e d  i n  t h e  f u t u r e  a f t e r  
mod i f i ca t ion  of  t he  hubs.  93 
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Let-Down Lock and C o l l e c t i o n  Vessel 

The coo l ing  lock  is a 20  inch  long  AE n ipp le ,  having  a n  i n t e r n a l  d iameter  of 
0 . 6 8 8  inches  ( 1 . 7  c m ) .  The i n t e r n a l  volume is 1 2 2  mL. An e x t e r n a l  copper j a c k e t  
a l l o w s  fo r  use  of a coo lan t ,  a l though a t  t h i s  t ime a i r  c o o l i n g  appea r s  t o  be 
s u f f i c i e n t .  Indeed excess ive  coo l ing  is n o t  d e s i r a b l e  as t h e  o i l  may not  f low e a s i l y  
t o  t h e  product  c o l l e c t i o n  v e s s e l .  A t  t h e  t i m e  of w r i t i n g ,  we are planning  t h e  
i n s t a l l a t i o n  of  a l a r g e r  lock  ( 3 0 0  mL1, s i n c e  t h e  t o t a l  l i q u i d  d i scha rge  o f t e n  
exceeds  the  volume of t h e  p r e s e n t  l ock .  

T h e  products  d i s c h a r g e  from the  lock i n t o  a pyrex  c y l i n d r i c a l  ves se l ,  
approximate ly  5 i n c h e s  i n  d iameter  and about  8 inches  deep. Another smal le r  
c o n t a i n e r  such  as a beaker can  be placed  i n s i d e  the  ves se l  i f  necessa ry .  The 
c o l l e c t i o n  v e s s e l  is s e a l e d  except  f o r  an  o u t l e t  f o r  t h e  product  g a s e s  which pass  t o  
a b r i n e  d isp lacement  v e s s e l  f o r  volume measurement. 

Steam Vesse l  and I n i e c t i o n  

T h e  t o p  of t h e  s team gene ra to r  is v i s i b l e  a t  lower l e f t  i n  F igu re  2 .  I t  is a 
2 L AE au toc lave  equipped  w i t h  a p re s su re  gauge and thermocouple.  
s t i r r e r  has been l e f t  i n  p l ace  but is no t  used .  The steam t r a n s f e r  l i n e  can  be seen  
pass ing  upward from behind t h e  magnedrive t o  a two-way va lve .  When the  steam l i n e  is 
c losed ,  n i t rogen  f l u s h  gas  can  be passed from t h e  t r a n s f e r  l i n e  on t h e  l e f t  hand s i d e  
t o  t h e  r e a c t o r .  Steam and n i t rogen  e n t e r  t h e  r e a c t o r  a t  t h r e e  l o c a t i o n s  o n  t h e  
r e a c t o r  as shown ( F i g u r e  2 ) .  I f  necessary ,  t h e  hot gene ra to r  can be charged w i t h  
make up water us ing  a Mi l ton  Royal h igh -p res su re  pump. 

The magnedrive 
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Cont ro l  Panel  and S a f e t v  Systems 

T h e  c o n t r o l  p a n e l  is l o c a t e d  i n  a room d i r e c t l y  a d j a c e n t  t o  t h a t  con ta in ing  the  \ 
u n i t .  The panel  c o n t a i n s  m a i n  swi t ches  as wel l  as  swi t ches  t o  open and c l o s e  the  
va r ious  va lves .  A d i g i t a l  r eadou t  and/or c h a r t  i n d i c a t o r s  a l l o w  t h e  moni tor ing  o f  
thermocouple t empera tu res .  

The m a j o r  hazard  of t h i s  type  of equipment is the, a c c i d e n t a l  r e l e a s e  of steam t o  
t h e  atmosphere with subsequent  i n j u r y  t o  pe r sonne l .  The equipment does  con ta in  an 
e l e c t r i c a l  ove r r ide ,  i n  t h a t  t h e  s team i n l e t  va lve  can not  be e l e c t r i c a l l y  opera ted ,  
u n l e s s  c l o s u r e  of t h e  r e a c t o r  i n l e t  va lve  is  i n i t i a t e d .  However, t h i s  is n o t  
s u f f i c i e n t ,  s i n c e  t h e  r e a c t o r  i n l e t  va lve  t a k e s  3-4  seconds t o  c l o s e ,  whereas the  
s t eam i n l e t  valve opens  in  abou t  1 second.  Thus i f  the  swi t ch  fo r  t he  steam i n l e t  
v a l v e  is moved t o  t h e  open p o s i t i o n  immediately a f t e r  t h e  swi t ch  f o r  t h e  r e a c t o r  
i n l e t  valve is moved t o  the  c losed  p o s i t i o n ,  then  t h e  c o n t e n t s  o €  t h e  steam vesse l  
cou ld  d i scha rge  th rough  the  i n l e t  va lve .  The sys tem has,  t h e r e f o r e ,  been provided 
wi th  an e x t r a  sa l egua rd  in  t h a t  t he  s h a f t  of t h e  i n l e t  va lve  a c t u a t o r  now c a r r i e s  an 
ex tens ion  arm. When t h e  va lve  is f u l l y  c losed ,  t he  ex tens ion  arm a c t i v a t e s  a 
microswitch which o n l y  then a l lows  t h e  s team i n l e t  va lve  t o  open. The equipment is 
a l s o  des igned  such t h a t  t h e  main i n l e t  va lve  cannot  be opened i f  t h e  steam va lve  is  
open .  T h i s  is a p u r e l y  e l e c t r i c a l  ove r r ide  but  i s  s u f f i c i e n t ,  s i n c e  t h e  s team valve 
o p e r a t e s  f a s t e r ;  i .e . ,  i t  c l o s e d  much f a s t e r  t h a n  t h e  r e a c t o r  i n l e t  va lve  can  open. 
T h i s ,  however, does no t  p reven t  the  a c c i d e n t a l  d i scha rge  o f  t h e  r e a c t o r  c o n t e n t s  t o  
t h e  atmosphere.  To avoid  t h i s  p o s s i b i l i t y ,  t h e  r e a c t o r  i n l e t  va lve  has  a keyed 
s w i t c h .  The o p e r a t o r ,  a f t e r  manually loading  t h e  wood, then  i n s e r t s  t h e  key t o  c lose  
t h e  r eac to r  i n l e t  v a l v e .  He then  removes t h e  key r ende r ing  t h e  swi t ch  inoperable .  

Polymethylmethacry la te  sheet is i n s t a l l e d  around t h e  equipment i n  l o c a t i o n s  
where sudden s team l e a k s  could  o the rwise  i n j u r e  t h e  ope ra to r s .  

Opera t ion  o f  t h e  U n i t  (Exper imenta l )  

F igu re  4 shows t y p i c a l  tempera ture  and p r e s s u r e  p r o f i l e s  (3400C steam in j ec t ed  
94 
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f o r  7 5 ) .  Before s team i n j e c t i o n ,  the t o p  and middle of t he  r e a c t o r  had tempera tures  
c l o s e  t o  4 0 0 0 C  whereas t h e  bottom of t h e  r e a c t o r ,  where hea t  l o s s e s  a r e  g r e a t e r ,  was 
a t  3OOOC. After  steam i n j e c t i o n ,  t h e  tempera tures  shown by t h e  upper two 
thermocouples dropped over  a per iod  of abou t  2 minutes and came Close  t o  the  
tempera ture  of t he  bottom thermocouple.  Condensed s team was p resen t  i n  the  base of 
t h e  r e a c t o r ,  and t h e  i n t e r n a l  p re s su re  of t h e  r e a c t o r  was c o n t r o l l e d  by the  
tempera ture  of t he  s u r f a c e  of t h i s  water p lus  n i t rogen  and product  gas  ove rp res su re .  
A s  might be expec ted ,  t h e  p re s su re  i n  t h e  r e a c t o r  is s l i g h t l y  h igher  t han  t h e  
equ i l ib r ium steam p res su re  cor responding  t o  the  tempera ture  of the thermocouple a t  
t he  base  of t he  r e a c t o r  ( i . e . ,  a t  t h e  bottom of t h e  water  l a y e r ) .  

The Eollowing procedure  is t y p i c a l  for  a l i q u e f a c t i o n  exper iment .  The r e a c t o r  
was prehea ted  and f lu shed  w i t h  n i t r o g e n  wi th  t h e  i n l e t  va lve  open. The s t a i n l e s s  
s t e e l  baske t  was loaded with wood c h i p s  (100 g, 8 per cent moi s tu re )  and then  qu ick ly  
lowered through t h e  i n l e t  va lve .  The n i t rogen  va lve  was c losed ,  a s  was t h e  i n l e t  
va lve .  Immediately t h e  s team l i n e  was opened--usua l ly  f o r  about  7 5 .  After  2 
minutes,  t h e  p roducts  were d i scha rged  i n t o  t h e  coo l ing  lock ,  and a f t e r  a f u r t h e r  30 5 
t h e  va lve  t o  the  c o l l e c t i o n  v e s s e l  was opened. The gas  sepa ra t ed  and its volume was 
measured by d isp lacement  of wa te r .  
steam v e s s e l  were monitored throughout  t h i s  p rocedure .  The baske t  was r e t r i e v e d  
through the  i n l e t  p o r t  a f t e r  ven t ing  of t he  r e a c t o r .  

Temperatures and p res su res  in  t h e  r e a c t o r  and 

The o i l  s o l i d i f i e d  and could  be p h y s i c a l l y  sepa ra t ed  from the  water LLy. 
f i l t r a t i o n  (ace tone  f r e e  o i l ) .  The aqueous l a y e r  was c e n t r i f u g e d  t o  y i e l d  a sma l l  
i n so lub le  f r a c t i o n  (aqueous-phase s o l i d s )  most of which was ace tone - so lub le .  An 
ace tone  f l u s h  of t he  r e a c t o r  y i e lded  f u r t h e r  o i l  (acetone-wash o i l ) .  A sma l l  amount 
of  ace tone - inso lub le  m a t e r i a l  s tuck  t o  the  wa l l s  of t h e  baske t  ( i n s o l u b l e s l .  T h e  
mois ture  con ten t  of t h e  ace tone - f r ee  o i l  was about  20%. However, h e a t i n g  t h e  o i l  t o  
7 0 0 C  f o r  ha l f  an hour lowered t h e  water  con ten t  t o  l e s s  than 3 % .  This  is  a r a t h e r  
dramat ic ,  and unexpected r educ t ion  in  water con ten t ,  bu t  r eme l t ing  the  o i l  a l l o w s  t h e  
s e p a r a t i o n  and evapora t ion  of water t h a t  was t rapped  when the  o i l  o r i g i n a l l y  
s o l i d i f i e d .  T h i s  semi-dry o i l  so f t ened  around 50OC. 

RESULTS AND DISCUSSION 

The r e s u l t s  from one t y p i c a l  run are d i scussed  he re .  A steam tempera ture  of 
355012 was used, and t h e  wood c h i p s  i n  t h i s  i n s t ance  were soaked f o r  20 m i n u t e s  w i t h  
water fo r  20 minutes p r i o r  t o  a d d i t i o n .  A f u r t h e r  5 1  g of water was added t o  t h e  
r e a c t o r  i n  t h i s  way. The presoaking ,  which was in tended  t o  p reven t  cha r r ing ,  has no 
advantages  and has now been d i scon t inued .  

A reasonable ,  o v e r a l l  mass ba lance  was obta ined ,  bu t  t h i s  was not  very  
meaningful,  g iven  t h e  r e l a t i v e l y  l a r g e  amounts of water involved i n  t h e  r e a c t i o n .  
Approximately 250 g of water were d i scha rged  i n  t h i s  run, and no p a r t i c u l a r  e f f o r t  
was made a t  t h a t  t ime t o  l i m i t  t h e  amount of condensa te .  A more impor tan t  a s p e c t  is 
the  carbon balance,  and in  t h i s  run s l i g h t l y  more carbon ( 4 5 . 6  g )  was accounted  fo r  
i n  t h e  products  t han  w a s  i n  t h e  f eed  ( 4 4 . 4  9 ) .  Figure  5 shows t h e  d i s t r i b u t i o n  of 
carbon i n  t h e  va r ious  product  phases .  The in so lub le  f r a c t i o n  is  a composite of t h o s e  
ace tone  in so lub le s  l e f t  on t h e  baske t  and those  i n  t h e  o i l s .  No aqueous phase 
ace tone - inso lub le  s o l i d s  were ob ta ined  with 3 5 5 o C  steam, and they  only  become 
s i g n i f i c a n t  when us ing  s team below 340OC.  The f r a c t i o n  of t o t a l  carbon i n  t h e  gas  
phase was c l o s e  t o  10 per c e n t .  As i n  p rev ious  runs ,  about 9 0  per c e n t  of t h i s  gas 
was carbon d ioxide- - the  ba lance  being most ly  carbon monoxide. The t o t a l  mass of  gas 
was 18.6% of the  wood mass. From our prev ious  work on s i n g l e  ch ip  ( 0 . 6 4  x 0 . 6 4  x 7 . 6  
cm) l i q u e f a c t i o n  ( 7 )  t h i s  is approximate ly  t h e  percentage  t h a t  would be produced a t  a 
water/wood r a t i o  of 1 . 0  when t h e  s team is genera ted  i n t e r n a l l y .  I n  t h a t  ca se ,  
however, the  o i l  cha r s  due t o  t h e  lack  of water ,  s o  t h e  mechanism f o r  t h e  inc reased  
gas  product ion  i s  probably  d i f f e r e n t .  

The e lementa l  composi t ion  of the  o i l  a r e  a l s o  ve ry  s i m i l a r  t o  those  ob ta ined  i n  
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the previous study, the carbon percentage being close to 70.0 and the hydrogen being 
around 6.5. The oxygen percentage (by difference) is thus in the low 20 per cent 
range. If complete oxygen removal was required by hydrotreating, then the viable 
oxygen limit in the substrate from an economic standpoint is about 20 per cent (11). 

A distillation curve for the oils is shown in Figure 6. Approximately 60 per 

Although the average molecular weight of 
cent of the oil distills below 4050C, which is at the upper end of the range for 
heavy gas oil in petroleum distillation. 
the oil is not known at this time, it can be estimated from Goring’s work (10) on the 
softening point of lignins that the value is less than 1000. The distillation 
results and the polar nature of the oil (which would increase boiling points relative 
to alkanes of similar molecular weight) support this estimation. 

Continuina Work 

Experiments are continuing to define the optimum temperatures and residence 
times for maximising oil yield and quality. In addition, the effect of water content 
and chip size are being investigated. Further results from these studies will be 
reported in the near future. 
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